Since the early 1980s, allogeneic bone marrow transplantation has become an increasingly popular treatment option for persons with leukemia or other blood-related diseases for whom other forms of therapy have been ineffective.
small, the process of marrow aspiration does pose a significant health risk to the donor and almost always involves some physical side-effects. The physical risk of the operation itself includes the small possibility of severe lifethreatening complications 3 -or even anesthesia-related death. 4 In addition to an overnight hospital stay, donors typically require a day or two at home to recuperate and a few weeks before they feel totally recovered. 5 The potential for adverse physical effects, and the increasing demand for the undifferentiated stem cells found in bone marrow, have led the medical community to develop and test new methods for collecting stem cells. In the past decade, the donation of peripheral blood stem cells (PBSCs) has been proposed as an alternative to the aspiration procedure. A central advantage of PBSCs is that they can be collected from the donor on an outpatient basis. 6, 7 In order to obtain the volume of peripheral blood stem cells needed for transplantation, a hematopoietic growth factor (G-CSF; filgrastim) is typically administered to the donor on 4-5 consecutive days before the donation of stem cells. Potential side-effects of G-CSF include bone pain, headache, body aches, fatigue, nausea/vomiting and difficulty sleeping. [8] [9] [10] PBSC donation with the use of G-CSF has been used successfully for autologous marrow transplants, and on a more limited basis for allogeneic transplants. 11, 12 Early evidence from both the European and North American transplant communities indicates that PBSC donation might have advantages for both donors and recipients. For donors, the collection of PBSCs is performed on an outpatient basis without the risks of surgery and general anesthesia, and involves virtually no known severe or enduring post-collection side-effects. 6 On the other hand, PBSCs administered to patients may engraft more quickly than stem cells collected from bone marrow and yield shorter patient recovery times. 8, 13, 14 The National Marrow Donor Program (NMDP) -the largest registry of unrelated donors in the world -began collecting G-CSF-stimulated stem cells in 1994 using the PBSC procedure only among donors who were donating a second time to the same recipient whose initial engraftment had failed; second time marrow donations began in 1991. In July 1999, the NMDP broadened the range of donors who could donate stem cells using the PBSC procedure to include first time donors. Although the psychosocial consequences of decisions about donating marrow and the donation process itself have been well documented, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] there have been no systematic investigations of donors' experiences of bone marrow vs PBSC donation. NMDP donors who donated a second time from 1991 to 1997 are ideally suited for such a comparison given that nearly 40% of this group underwent the PBSC collection procedure; all primary donations in this group were bone marrow donations. In 1997, we began an investigation designed to compare the physical, psychosocial, and pragmatic consequences of donating PBSCs vs bone marrow among these second-time donors.
Materials and methods

Study participants and procedure
Between 1991 -when the first second-time donation was performed through the NMDP -and 1997, a total of 80 NMDP donors donated a second time. All of these donors previously had donated marrow. Of these 80 second-time donors, 30 donated PBSCs and 50 donated marrow. The decision about which product (marrow or stimulated stem cells) to request for the second donation was made by transplant centers based on the medical condition and requirements of the recipient; donors themselves did not select a particular procedure. A final cohort of 79 second-time donors -one donor belonged to a donor center which declined to participate in the study -were asked to participate in a retrospective study of their donation experiences.
Questionnaires, consent forms and cover letters explaining the study were mailed to donor centers where donors were registered. Donor coordinators at each center addressed and mailed the packets to the donors. Contact with donors was mediated by donor centers in this manner to protect donor confidentiality. Donors who did not respond to this initial mailing within 2 weeks were contacted by telephone by the donor center, and after 2 more weeks, received a second full packet with a revised cover letter. A total of 70 of the 79 donors (88%) -25 of 29 PBSC donors (86%) and 45 of 50 marrow donors (90%) -completed and returned their questionnaires. The difference in response rate of PBSC and marrow donors is small and not statistically significant minimizing the possibility of bias due to differential responding.
Measures
In addition to donor demographic characteristics, we also assessed the physical, psychosocial, and pragmatic consequences of donation by each method. The physical consequences of donation were evaluated in terms of both the perceived health effects of donation and the actual sideeffects experienced. To measure perceived health effects, respondents were asked questions such as 'Do you think that your second donation has had any long-term effects on your health?' (dichotomized as yes and maybe vs no) and 'How often do you worry about the overall effects of the second donation procedure on you?' (dichotomized as often, sometimes, and seldom vs never).
To measure specific side-effects, respondents indicated whether or not they had experienced any of a list of sideeffects, including both general side-effects such as fatigue, headaches and problems sleeping, and more specific sideeffects such as lower back pain and pain where the needles were inserted. Psychosocial issues in donation were assessed with items concerning the decision to become a second-time donor, others' reactions to the possibility of a second donation, and global comparisons of first and second donations. Included among the decision-making items were questions such as 'How hard a decision was it for you to decide whether to donate the second time?' (very, somewhat, and a little, vs not at all hard) and 'Did you postpone thinking about the big decision to actually donate the second time?' (definitely, somewhat, and a little, vs not at all). Others' reactions to donation were assessed with questions like 'Was there anyone who suggested any problems about your second donation or who tried to discourage you from donating?' (yes vs no) and 'After the second donation was there anyone who praised you or said good things about the fact that you donated a second time?' (yes vs no).
Finally, global comparisons items included the following: 'Which would you say was more emotionally stressful -your first donation or your second donation?' (first, second, or equally stressful) and 'Overall, which would you say was more difficult -your first donation or your second donation?' (first, second, or equally difficult).
Pragmatic consequences of donation were assessed by providing respondents with a list of potential donation inconveniences, including time missed from work, income lost from work, travel time, travel costs, arranging child care, changing personal plans, waiting to hear if he/she was a donor, waiting on medical staff, waiting for donation to happen. Respondents indicated which items were inconveniences for them. In addition, donors were also asked to indicate how many hours they missed from work and home activities.
Finally, PBSC donors only were asked to compare the two donation procedures in terms of their physical and emotional difficulty, the time required, and the amount of inconvenience. In addition, PBSC donors were asked which donation method they and their family would prefer for them if they were asked to donate again. They were also asked which procedure they would recommend for a family member about to donate. Respondents were asked to choose one of the two procedures, or to rate them as equal.
As noted previously, responses to all items were dichotomized for the purpose of analysis. A series of chi-square analyses to detect differences in the proportions of each donor group endorsing a particular physical, psychosocial, or pragmatic consequence of donation was performed.
Results
Donor demographics
We examined whether second-time donors who donated PBSCs differed demographically from those who donated marrow. As is evident in Table 1 , the majority of secondtime donors were Caucasian, married, relatively highly edu- cated, and Christian; there were approximately equal numbers of men and women donors. The only significant demographic difference between groups was that PBSC donors, on average, had donated more recently than had marrow donors (t(69) ϭ 2.32, P р 0.05).
Physical consequences of donation
In general, all second-time donors reported low levels of concern about physical consequences of donation (Table 2) . Less than 10% were worried (1) about their current health state, (2) that the donation procedure had damaged their health or, (3) about the long-term health effects of having donated. Only the most general health-related question, 'How often do you worry about the overall effects of the second donation procedure on you?' received a higher level of endorsement; 21% of all donors said that they had at Bone Marrow Transplantation least some health concerns. There were no statistically significant differences in the percentages of PBSC and marrow donors who endorsed these items. Despite low levels of reported physical health concerns about second donation, a substantial proportion of donors reported specific donation-related side-effects. As indicated in Figure 1 , depending on the donor group, some sideeffects (eg lower back pain, tiredness, needle site pain, difficulty walking) were experienced by more than half of donors. There were significant differences in the proportions of bone marrow vs PBSC donors who experienced many of the side-effects. Bone marrow donors reported experiencing more lower back pain, pain at the needle entry site, difficulty walking, light headedness, bleeding, and difficulty sleeping. PBSC donors reported experiencing more bone pain than did marrow donors, but this difference was not statistically significant. over half of donors reported using pain medications to treat these side-effects, and that marrow donors were significantly more likely than were PBSC donors to have taken pain medications. Marrow donors tended to be more likely to have used prescription medications than were PBSC donors, but the difference was not statistically significant.
Psychosocial consequences of donation
In terms of decision-making about second donation, both marrow donors and PBSC donors showed a high level of commitment towards donating. As indicated in Table 2 , 79% of donors said that their decision was not difficult, 84% knew right away that they would donate again, and 93% would have been disappointed if they could not donate again. Despite this, PBSC donors were significantly more likely to postpone the second donation decision (chi-square (70) ϭ 4.32; P р 0.05). Others' reactions to the second donation were almost universally positive -more than 90% of donors were praised for having donated again, and only 12% were criticized. About a third of all donors had been discouraged by others from donating a second time. The only variable concerning others' reactions on which marrow and PBSC donors differed significantly was that PBSC donors were less likely to have been encouraged by others to donate a second time (chi-square (70) ϭ 5.90; P р 0.05).
All donors were asked to compare their first and second donation experiences, and only a minority of donors rated the second donation experience as more psychologically distressing. Fewer than a quarter of donors felt that the second donation was more stressful or difficult, or caused them to worry more about their health than the first donation. Three-quarters of donors reported feeling totally prepared for the second donation.
Pragmatic consequences of donation
Nearly 40% of donors reported missing more than 20 h each from work and home activities as a result of the second donation. All donors reported missing some time from work and home activities. Bone marrow donors were more likely than PBSC donors to report missing more than 20 h from work and home activities although this difference was not statistically significant. However, the difference between the two donor groups was statistically significant for missing more than 20 h from home activities (49% vs 20%; chi-square (70) ϭ 5.66; P р 0.05). As shown in Figure 2 , about a third of donors reported that the time missed from work was inconvenient, and bone marrow donors were more likely than PBSC donors to report that missing work was inconvenient (chi-square (70) ϭ 6.81; P р 0.01). Other commonly reported concerns among all donors were the need to change personal plans as a result of the donation, and travel time to and from the donor center. There were no other statistically significant differences between marrow and PBSC donors.
Comparing the donation procedures
PBSC donors were asked to compare the two donation procedures across four dimensions -physical, emotional, time required, and inconvenience -and to express a preference for a donation method if they would need to donate again in the future. As indicated in Table 3 , a majority of PBSC donors found their marrow donation more physically and emotionally stressful, time-consuming, and inconvenient. A greater proportion of PBSC donors also reported that they and their families would prefer PBSC donation to marrow donation if they were needed to donate in the future, and that they would recommend PBSC rather than marrow donation to a family member.
Discussion
As the need for stem cells from unrelated donors increases, scientists will continue to develop innovative methods of harvesting and transplanting stem cells that attempt to minimize the risk to donors, and maximize the potential for successful engraftment in the recipient. PBSC donation is an alternative to marrow donation that has been used for the past several years in second-time donors (and recently approved for first-time donors). The central goal of this Figure 2 Inconveniences of second donation. study was to investigate the second-time donation experiences of unrelated bone marrow vs PBSC donors. It should be noted that second donation experiences and the experiences of unrelated donors, in general, may differ from first donation experiences and those of related donors. Secondtime donors have already experienced the donation process once, and they may also be aware that because their recipient needs a second donation, he/she must be in poor health. Related donors' donation experiences are likely to be distinct emotionally and psychologically given that they are more intimately connected to the recipient. Thus, further research will be necessary to ascertain the generalizability of our findings to these other donor groups. Overall, a very high proportion of all donors in this study reported a strong commitment to donating a second time. However, PBSC donors were more likely than marrow donors to postpone the decision and to be concerned about their health before the second donation (although not statistically significantly). They were also less likely to be encouraged by others to donate a second time. It is probable that PBSC donors and those close to them were cautious about this donation procedure because they were aware that the use of filgrastim and the collection of stem cells from the peripheral blood was a relatively new procedure. It also seems likely that marrow donors might have been less concerned about the second donation procedure because they Bone Marrow Transplantation had already undergone the procedure once and were well prepared for what to expect. At the time these data were collected only a small proportion of PBSC and marrow donors were at all concerned about their current health, or about the longer-term health effects of having donated. In addition, PBSC donors did not report elevated health concerns relative to marrow donors indicating that the slightly higher levels of pre-donation concern among PBSC donors did not persist after donation.
Physically, marrow donors reported having much more difficulty with donation than did PBSC donors. Overall, more than 80% of marrow donors reported lower back pain, tiredness, and pain at the site where the needles were inserted. In addition, a significantly greater proportion of marrow donors as compared to PBSC donors reported experiencing a variety of post-donation side-effects. The most commonly reported side-effects among PBSC donors were tiredness, needle site pain, and muscle aches, and the only side-effect reported more frequently by PBSC donors than by marrow donors was bone pain. The additional fact that a greater proportion of marrow donors also reported using pain medications also supports the idea that marrow donation produces more intense physical reactions.
Aside from the physical side-effects of donation, a relatively low proportion of donors reported other inconveniences of the donation process. As might be expected, marrow donors, who generally have an overnight stay in the hospital and a 5-6 day recovery period, missed more time from work, and rated this missed time as more inconvenient than did PBSC donors. The main inconveniences for PBSC donors seemed to involve logistic concerns such as changing personal plans and the travel time to the donor center. This may reflect the fact that many PBSC donors must travel to a donor center or hospital for 5-6 sequential days to receive an injection and then to donate stem cells. The fact that much lower proportions of donors endorsed other inconveniences suggests either that the donation process does not really inconvenience donors, or that donors find these inconveniences small relative to the importance of donation.
Finally, PBSC donors, who had undergone both procedures, reported that they found their marrow donation more physically and emotionally stressful, time-consuming, and inconvenient, and that they would prefer PBSC donation if they needed to donate again. Although these findings are based on a relatively small number of PBSC donors, they are consistent with other results presented here, including the lower levels of physical side-effects among PBSC donors as compared to marrow donors.
In summary, although our overall findings from this investigation must be interpreted cautiously because of the cross-sectional and retrospective study design, they do indicate that second-time donors generally felt prepared for the donation and unconcerned about the health effects of the donation procedure. These findings are consistent with our other prospective longitudinal studies of first-time marrow donors who also report positive donation experiences. Perhaps the most striking findings of this study are the large differences in the physical side-effects of the two donation procedures, and PBSC donors' clear preference for PBSC rather than marrow donation. Although it is still imperative that any possibility of longer-term adverse health consequences of filgrastim be ruled out, these findings suggest that PBSC donation is likely to be preferred by future donors.
